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Purpose: To examine the sociodemographic and health factors associated with mid-aged adults' sitting time in three contexts, and variations between week and weekend days.
Methods: A mail survey was sent to 17,000 adults (aged 40-65 years) in 2007; 11,037 responses were received (68.5%); and 7,719 were analyzed in 2010. Respondents indicated time spent sitting on a usual week day and weekend day for watching television, general leisure, and home computer use. Multivariate linear mixed models with area-level random intercepts were used to examine (i) associations between sociodemographic and health variables and sitting time, and (ii) interaction effects between week/weekend day for each of sex, age, education, and employment status, on sitting time.
Results: For each context, longer sitting times were reported by those single and living alone, and those whose health restricted activity. For watching television, longer sitting times were reported by men; smokers; and those with high school or lower education, not in paid employment, in poor health, and with BMI >25 kg/m 2 . For general leisure, longer sitting times were reported by women, smokers, and those not in full time employment. For home computer use, longer sitting times were reported by men; and those aged 40-44 years, with university qualifications; in the mid income range; and with BMI >30 kg/m 2 . Sitting times tended to be longer on weekend than week days, although the extent of this differed among sociodemographic groups.
Conclusions: Sociodemographic and health factors associated with sitting time differ by
context and between week and weekend days. 
Background
Emerging evidence suggests that prolonged sitting time may be associated with an increased risk of adverse health outcomes such obesity, diabetes, cardiovascular risk biomarkers, and mortality. [1] [2] [3] [4] To develop evidence based approaches for reducing sedentary behavior, there is a need to identify the specific settings where prolonged sitting occurs, associated factors, and variations. 5 There is data to suggest that those adults with high levels of sedentary behavior are more likely to be men; [6] [7] [8] [9] and older; 10, 11 to have low levels of income 7, 10, 12 and education; 1, 2, 6, [10] [11] [12] and to have other health risks such as overweight or obesity, 1, 10-15 a health condition, 10 poor health, and cigarette smoking. 1, 2, 12 Sociodemographic patterns of sedentary behavior may, however, vary by setting. Australian data indicate that men report longer sitting times for watching television, relaxing, and computer use than women, who in turn report longer sitting times for talking on the telephone. 8 Older adults reported longer sitting times for watching television, relaxing and reading than younger adults, who in turn reported longer sitting times for socializing and using a computer. 8 Those with <12 years of education reported longer sitting times for watching television and relaxing than those with university level education, who in turn reported longer sitting times for computer use. 8 Employment status (or working hours), and distinguishing between week and weekend days, may also be important aspects of understanding variations in sedentary behavior. Researchers have identified an inverse association between employment status and time spent sitting watching television, 6, 10, 11 and between working hours and time spent in sedentary leisure such as internet use, video games, reading, socializing, and watching television. 7 These studies did not, however, explore week day and weekend day variation. Others have reported a positive association between working hours and overall sitting time 13 and week day sitting time, 7 and no association between employment hours and weekend day sitting time. 16 As the sitting time measure in these studies combined both occupational and leisure time sedentary behavior, it is likely that the increased overall and week day sitting time predominantly reflects occupational behavior.
This study examined the sociodemographic and health factors associated with prolonged sitting time among mid-aged adults. It extends previous research by examining three distinct contexts (watching television, general leisure, and home computer use) and by exploring interaction effects between week/weekend day with each of age, sex, education, and employment status on sitting time. 
Methods

Analyses
All analyses were conducted in 2010 using Stata10 statistical software. Multivariate linear mixed regression analyses were used to examine the associations between sociodemographic and health variables and sitting time for (i) watching television, (ii) general leisure, and (iii) home computer use. To reflect the design of the multistage sample selection, the models incorporated an area level random intercept to capture between and within-area (CCD) variation. Interaction terms were included to examine the effects of interactions between week/weekend day and each of sex, age, education, and employment status on sitting time.
The regression coefficients can be interpreted as minutes/day sitting time.
Results
Participants
From 17,000 people originally sampled, 869 were ineligible (e.g., deceased, living overseas), and 11,037 returned surveys with data (68.5%). Fewer than 5% of data were missing on any of the study variables with the exception of income, which had 15% missing. Chi square tests of independence were used to assess whether the proportion of missing data in the respondent sample differed across categories for each of the interaction variables: sex (χ To create a balanced dataset for the purpose of analyses, cases were excluded if there were missing data on either week day or weekend day sitting times for watching television (n=1255; 11%), general leisure (n=1458; 13%), or computer use (n=1445; 13%); each of the interaction variables of sex (n=0), age (n=0), education (n=47, <1%), or employment status (n=26; <1%); and income (n=1631; 15%). This provided an analytic sample of 7719;
descriptive data for the original respondent sample and the analytic sample are presented in Table 1 .
Sitting Time
The average sitting time (minutes/day) on each of a usual week day and a weekend day, for each sitting context by level of the study variables, is presented in Appendix A (www.ajpmonline.org). Sitting times ranged from 132-222 minutes/day for watching television, 72-144 minutes/day for general leisure, and 55-85 minutes/day for home computer use.
Factors Associated with Time Spent Sitting to Watch Television
The regression results are presented in Table 2 . The model accounted for 62% of the variation between people, while variation due to CCD was small (0.4% Overall, there was a significant association between sitting time for watching television and week/weekend day with longer times reported for a weekend day than a week day. However, sitting time was also significantly associated with interactions between week/weekend day and each of sex, age, education and employment status (See Figure 1 . Overall, shorter times were reported by women than men, and the difference in sitting time between week days and weekend days was less evident for women than for men. . Those aged 55-59 years had a smaller week/weekend day difference in sitting time, and those aged 60-64 years had minimal difference, than those aged 40-44 years. Overall, there was an inverse association between sitting time for watching television and education; shorter times were reported by those with a certificate/diploma or university education than those with high school or lower education, and the week/weekend day difference was less evident for those with a university degree than those with high school or lower education. Overall, longer sitting times were reported among those not in paid employment than those in full time employment, and the week/weekend day difference was less evident for those in part time employment and negligible for those not in paid employment than those in full time employment.
Factors Associated with Time Spent Sitting for General Leisure
The model accounted for 59% of the variation between people, while variation due to CCD was small (0.2%). Variables that had significant main effects only were income, country of birth, physical activity restrictions, smoking status, and household composition. Longer times sitting for general leisure were reported by those in the highest income category than the lowest; those born outside Australia than those born in Australia; and those whose health restricted physical activity all of the time than those with no restriction. Shorter times were reported by those who had never smoked cigarettes than those who currently smoked; and single parents, those married without children, and those married with children than single adults living alone.
Overall, there was a significant association between time spent sitting in general leisure and week/weekend day with longer times reported for a weekend day than a week day. However, sitting time was also significantly associated with interactions between week/weekend day and each of sex, age, education and employment status (see Figure 2) . Overall, longer times were reported by women than men, and the week/weekend day difference was greater for women than for men. The week/weekend day difference was less evident for those aged 50-54 years or 60-65 years than those aged 40-44 years, and greater for those with university qualifications than those with high school or lower education. Overall there was an inverse association with employment status; longer sitting times were reported by those in part time employment or those not in paid employment than those in full time employment, and the week/weekend day difference was less evident for those in part time employment, and minimal for those not in paid employment, than those in full time employment.
Factors Associated with Time Spent Sitting for Home Computer Use
The model accounted for 64% of the variation between people, while variation due to CCD was small (0.3%). Variables that had significant main effects only were sex, age, household composition, motor vehicle access, country of birth, income, BMI, education, and activity restrictions. Shorter times sitting for home computer use were reported by women than men; the two older age groups of 55-59 years and 60-65 years than the youngest age group of 40-44 years; those married with children than single adults living alone; and those without access to a motor vehicle access/don't drive than those with access. Longer times were reported by those born outside Australia than in Australia; in the mid income group (AUD$52 000-72,799) than the lowest group; and those with BMI >30 than those with BMI 18.5-<25 kg/m 2 .
There was a graded positive association with education; increasingly longer times were reported by those with a certificate/diplomaor university education than those with high school or lower education. There was a graded inverse association between sitting time and physical activity restriction.
Overall, there was a significant association between sitting time for home computer use and week/weekend day with longer times reported on a weekend day than on a week day. There was a significant interaction between week/weekend day only for employment status (see Figure 3 ). Overall, there was a graded inverse association between sitting time and employment status, with longer sitting times on weekend days among those in full time employment, and shorter times among those in part time employment and those not in paid employment.
Discussion
For the three contexts, longer sitting times were consistently reported by those single and living alone. These people may find it easier to spend time in sedentary behaviors than to engage in more active pursuits. This raises an interesting parallel between sedentary and solitary activities. The concept of sedentary-solitary leisure has elsewhere been considered in the context of late adulthood 20 and disability, 21 and could also be considered for otherwise healthy mid-aged adults. Our previous research with mid-aged men highlighted difficulties in identifying peer-based options for physical activity. 22 Longer sitting times for each of the three contexts were also consistently reported by those whose health restricted physical activity all the time, which seems intuitively sensible. There was not, however, a consistently significant association between general health status and sitting time. There was a significant inverse association between general health and time spent sitting to watch television, but no significant association with time spent sitting for general leisure or home computer use. It seems therefore, that those in poor health are more likely to watch television than to engage in other sedentary behavior which may be considered to be more demanding. Bowman reported a positive association between watching television and having a health condition such as diabetes, hypertension, or heart disease. 10 These conditions are however, not necessarily associated with activity restrictions or a perception of poor health, as was assessed in our study.
Those reporting longer sitting times to watch television were men, current smokers, born in Australia, with high school or lower education, not in paid employment, not in excellent health, or with BMI >25kg/m 2 . This is consistent with other studies. 6, 8, 9 Unlike other research however, there was not an overall significant association with age 10, 11 or income. 10, 12 As other studies included adults older than 65 years, it may be that the age range in this study (40-65 years) was insufficient to evidence age differences. There was however, a significant interaction indicating that the difference between week/weekend day sitting time in mid-aged adults aged 55-64 years was less evident than for those aged 40-44 years, which was because of longer sitting times on a week day. Clark et al. noted that adjustment for employment status can affect the association between age and time watching television, particularly among men, as older adults are less likely to be in full time employment. 6 Those researchers also reported that after multivariable adjustment there was no significant association between household income and time spent watching television. 6 .
Sitting time to watch television tended to be longer on weekend days, particularly among men, and those with high school or lower education, and those in full time employment. This may reflect the value of watching television as a leisure pursuit among these groups. The week/weekend day difference in sitting time was less evident among those aged 55-64 years and those in part time or not in paid employment which was because of relatively longer sitting times on week days. This may reflect declining interest or perceived reduced capability for more active pursuits among those aged 55-64 years, and more discretionary time during the week for those not in full time employment.
As was the case for watching television, longer sitting times for general leisure were reported by current smokers, those not in full time employment, and on weekend days (also particularly for those in full time employment and less so for those in the older age groups).
Unlike watching television, however, those reporting longer sitting times for general leisure were women, born outside Australia, and in the high income group; and the week/weekend difference was more evident among women than men, and among those with university education than those with high school or lower education. The longer sitting times on weekend days among women may reflect a reduced level of family/domestic demands (such as preparing children for school), or a preference for sedentary pursuits other than watching television. Salmon et al. however reported that women spent more time talking on the telephone than men; but no sex differences in time spent reading, sitting socializing, in hobbies; and that men spent more time relaxing/resting than women. 8 They also reported that enjoyment of sedentary behavior and the barrier of family commitments contributed significantly to explaining sedentary behavior; 8 these factors may be more salient to women than men.
Overall, those reporting longer sitting times for home computer use were men, aged 40-44 years, with university education, or in the mid income range, which may reflect the important role of computers among these groups -for work, leisure (e.g., games) or gathering information. Others have also reported high levels of computer use among men and those with university education, 8, 15 although one study indicated differences between those with university qualifications and those with less than 12 years of education; 8 there was no difference between those with university qualifications and those with high school or lower education as in our study. Consistent with Vandelanotte et al. 15 those with BMI >30 kg/m 2 reported longer sitting times for home computer use, which may reflect a disinclination for more active pursuits. Those in full time employment reported longer sitting times for home computer use on a weekend day than a week day, while those in part time employment and those not in paid employment reported shorter times. This may reflect those in full time employment doing "take home" work on weekends, or a disinclination to do additional computer work on week days after being at work.
Methodological Considerations
A comparison of the HABITAT respondent sample with census data indicated a modest under-representation of men, blue collar workers, those with high school or lower education, those not in the workforce, and those living in disadvantaged areas. 23 As those with low levels of income or education are also more likely to report higher levels of sedentary behavior, 1, 2, 6, 7, 10-12 results may be biased. Self-report data are vulnerable to social desirability bias and measurement error, but pragmatic for large population-based studies. The unstructured nature of sitting time may make it difficult to accurately recall the time spent in this behavior. The time-based measure used in this study is however, more detailed than categorical descriptors (e.g., a little vs. a lot), differentiates among three contexts and between week and weekend days, and has acceptable levels of reliability and validity. 19 Although the items asked specifically about time spent sitting, people may engage in other non sedentary behaviors while in the nominated contexts, e.g., doing household tasks while watching television. The magnitude of the group differences in sitting times, although statistically significant, may not be clinically important in some instances. Physical activity was not included in the analyses as our other research indicated few associations between activity levels and sitting time in each of these contexts; those associations that were significant were at the highest level of activity, and often positive. 24 
Conclusions
The results of this study suggest that there is a need to promote active leisure options for those single and living alone, and, where possible, those whose physical activity is restricted because of their health. Interventions to reduce sedentary behavior could focus on sitting time No financial disclosures were reported by the authors of this paper. 
